The governance of sustainable energy transitions (SET) is facing multiple technological, economic, societal and political uncertainties. In practice, these energy-related uncertainties play a role not only at the level of "major politics," but also in the policymaking of local decision makers and planners. This paper seeks to attain a more differentiated understanding of how uncertainties concerning the energy transition play out and are dealt with in policymaking and planning "on the ground." To do so, the paper combines conceptual reflections with an explorative empirical study on local heat supply policy in Switzerland. In conceptual regards, it proposes some distinctions of types of uncertainties related to energy transitions, and a typology of strategic decision options for dealing with uncertainty. On this basis, the paper reveals similarities and differences regarding the perception of uncertainties and ways of dealing with them in a number of Swiss cities. These insights evoke further questions about the causes and effects of different sensitivities to uncertainty and ways of dealing with them.
Introduction
Energy systems all over the world are currently facing two major challenges. On the one hand, the existing infrastructures in many countries are reaching the end of their technical lifespans. On the other hand, the discourse about sustainable development (and its energyrelated storylines such as "peak-oil," "climate change," and "Fukushima") is questioning the effectiveness and legitimacy of the incumbent energy systems and has brought about political pressure to reform these systems (Araújo, 2014; Solomon & Krishna, 2011) . In light of these challenges, some countries have begun fostering sustainability-oriented transitions of their energy systems. For this purpose, they have set up concerted governance efforts that cut across various policy domains and levels (Laes, Gorissen, & Nevens, 2014) . In Switzerland, for example, the federal government has come up with an overarching energy strategy, which includes goals such as the reduction of energy consumption, a further substitution of fossil fuels with renewable energy, and the reduction of CO 2 emissions. While this strategy promotes a general national policy framework for the envisioned energy transition, the Swiss federalist system renders sub-national actors, such as cantons and municipalities, important players for the realization of the goals. In fact, these actors dispose of the main legislative and administrative competences in energy policy and plan-ning (see Schubert, 2015) and, therefore, have to deal with the concrete challenges that come with the energy transition and its governance "on the ground."
One of the main challenges related to the governance of sustainable energy transitions is uncertainty (Meadowcroft, 2009; Meijer & Hekkert, 2007) . Generally, such uncertainty results from both the long-termism and complexity of the endeavor. For example, energy infrastructure involves long-ranging investment cycles which deal with making projections up to 60 years in advance. Yet it remains uncertain which societal developments and technological innovations-not to mention what changes in political dynamics as well as individual behaviors-might take place within these time horizons (Monstadt, 2004) . In addition, the envisioned transitions are highly complex in nature, as they refer to the entire energy chain (from production through distribution to consumption) and cut across various technological, economic, social, and ecological domains involving multiple actors at different levels. The various linkages among the different subsystems and levels virtually guarantee uncertainty.
These kinds of uncertainty are also relevant in the field of energy for heat demand. As heat constitutes a major component of residential energy demand (up to 80%, including hot water, in northern European countries) and the integration in renewable energies slows (compared to the pace of their development in power supply during the last ten years), this field is assumed to bear a crucial potential for realizing a sustainable energy transition (e.g., BMWI & BMU, 2010) . At the same time, there is an urgent need to transform the urban infrastructure in light of ambitious political goals in energy and climate politics. As the planning related to urban heat supply takes place at the local level, where the existing infrastructure requires major investments for renovation and where political goals for integration of renewable energies into the heat supply have to be transformed into concrete measures, it is the local policymakers and planners who are facing uncertainties and have to deal with them in concrete decisions.
While decision-making in the face of uncertainty is probably most prominently discussed in the field of psychology with a focus on individual behavior (Tversky & Kahneman, 1974) , the topic is also a recurrent "classic" in various fields of research focusing on collective decisionmaking-ranging from organization and management studies (Courtney, Kirkland, & Viguerie, 1997; Weick & Sutcliffe, 2015) to policy research (Arentsen, Bressers, & O'Toole, 2000; Renn, 2008) . More recently, the issue has gained prominence in the interdisciplinary field of environmental and sustainability studies, reflecting a core challenge of sustainability governance (Berkes, 2007; Grunwald, 2007; Polasky, Carpenter, Folke, & Keeler, 2011) . Some accounts even refer to uncertainty as a core element of a more general problematic that modern (reflexive) governance has to deal with (Beck, 2006; Voss, Newig, Kastens, Monstadt, & Nölting, 2007) .
These governance-oriented literatures have provided valuable conceptual and empirical insights into the types of uncertainties and strategies of dealing with them in terms of collective action. However, we see two important knowledge gaps. First, there is little conceptual and empirical knowledge regarding the concrete meanings and manifestations of uncertainty in specific practice fields such as energy transitions. Second, existing research tends to focus on rather aggregate arrangements for dealing with uncertainty on a strategic level of collective choice. Yet, there is only little knowledge about how uncertainty is perceived and dealt with by actors on a more operational and individual level of decisionmaking on the ground. With our paper, we seek to address these knowledge gaps and shed light on variations of uncertainty and ways of dealing with them in the particular policy field of local heat supply in Switzerland. To do so we ask the following question: How are uncertainties perceived and dealt with in local heat policymaking and planning in Switzerland? Following this question, we aim to contribute conceptual and empirical insights to the study of uncertainties in energy transitions as well as uncertainty-oriented governance and policymaking more generally. In conceptual respects, we bring together the general notion of uncertainty with the complexity of energy transitions proposing a nuanced understanding of energy transition-related uncertainties. Furthermore, we provide a typology of basic strategic decision options for dealing with uncertainties, which can guide further governance-oriented uncertainty research. In empirical respects, we explore how uncertainties are perceived and dealt with in the context of different governance arrangements. These conceptual and explorative empirical insights shall provide the ground for further systematic inquiries on the relationship between uncertainty and policymaking.
We begin by outlining a conceptual understanding of uncertainty that takes account of the complexities of sustainability-oriented energy transitions (Section 2). After critically reflecting on an established distinction of three "classical" uncertainty-related governance strategies, we propose a generic typology that captures options for dealing with uncertainty on the ground (Section 3). We illustrate our conceptual propositions with empirical observations regarding the perception of energyrelated uncertainties and the strategies for dealing with these uncertainties in policymaking in three Swiss cities (Section 4). In the concluding Section 5, we summarize the results and discuss their implications for research and practice regarding the governance of energy-related uncertainties on the ground.
Uncertainty in the Context of Sustainable Energy Transitions

Conceptualizing Uncertainty
Uncertainty is a much-debated term that scholars from different disciplines define and delineate from other con-cepts, such as risk, ambiguity or ambivalence, in different ways (Gross, 2010, p. 53ff.; Jeschke, Jakobs, & Dröge, 2013; Smithson, 1989 Smithson, , 2008 van Asselt & Rotmans, 2002) . According to a prominent definition by Walker et al. (2003, p. 5) , uncertainty refers to "any deviation from the unachievable ideal of completely deterministic knowledge of the relevant system." As this definition suggests that basically all situations are characterized by uncertainty, its inclusivity comes at the expense of its clarity. Other definitions allow for more differentiation. Gross (2007) , for example, locates uncertainty between two ideal typical situations: certainty on the one hand and the unknown on the other. While "certainty" implies that there is only one possible consequence of an action, a situation in which we do not know about the consequences of an action at all can be qualified as "unknown." Uncertainty refers to all situations with multiple possible consequences of one action which are only partly known (Gross, 2010, p. 3) . 1 Below the level of definition and delineation, the literature provides us with different typologies of uncertainty stemming from different disciplines and referring to different (more or less specific) contexts of application (Enserink, Kwakkel, & Veenman, 2013; Grunwald, 2007; Milliken, 1987; Smithson, 2008) .
First, cutting across the current literature, there are different understandings of the object of uncertainty, i.e. answers to the question of what exactly is uncertain. Various authors distinguish between ontic and epistemic uncertainties (van Asselt & Rotmans, 2002; Walker et al., 2003) . Ontic uncertainty refers to given contingencies and variabilities in the behavior of real world systems (nature, human behavior, society, technology). In contrast, epistemic uncertainty refers to some incomplete or limited knowledge about a certain situation. This means that our propositions and beliefs are uncertain. In the realm of epistemic uncertainty, one can further distinguish between factual and normative uncertainties. For example, Christensen (1985) distinguishes between the (un-)certainty of normative goals and instrumental means in decision situations; Mazouz (2003) explicitly points to the uncertainty of normativity. However, most frequently, epistemic uncertainty relates to some form of factual knowledge (Grunwald, 2007; Smithson, 2008; Voss et al., 2007) . And we see good reasons to follow that line, since there are other concepts that denote contingent normativity (such as "ambivalence").
Below the distinction between ontic and epistemic uncertainty, there are several more specific suggestions to differentiate objects (and sometimes also locations) of uncertainty. In the context of integrated assessment and modelling, for example, van Asselt and Rotmans (2002) distinguish between states, processes, functions, outcomes, and impacts of uncertainty. In the context of organizational action, Milliken (1987) differentiates between state, effect, and response uncertainty.
A second fundamental dimension of uncertainty refers to the mode of uncertainty, that is, how or in what respect something is (regarded to be) uncertain. According to a common understanding, there are different levels of (epistemic) uncertainty. Some authors distinguish between non-fundamental uncertainty (as a lack of knowable knowledge) and fundamental uncertainty (as a lack of unknowable knowledge). Other authors suggest more differentiated conceptualizations that cover various interim steps such as inexactness, lacking measurements, immeasurability, conflicting evidence, reducible ignorance, indeterminacy, and irreducible ignorance (van Asselt & Rotmans, 2002) . In whatever form, the levels and types of uncertainty express the assumption that some situations are essentially uncertain due to fundamental problems in discerning knowledge about the quality or extent of an incident. In contrast, situations of non-fundamental uncertainty are in principle describable by probabilistic statements: if there was enough knowledge, they could turn into calculable risks or even certainty (in case of deterministic relationships).
A further analytical differentiation regarding the mode of uncertainty refers to its contestation. Uncertainties can be agreed on by the actors who are involved in a decision situation, or they can be contested (Gottschick, 2014) . Whether at all or to what extent a situation is seen as certain or uncertain can become part of a dispute. Some can hold the knowledge that constitutes the understanding of a situation as certain while others doubt about it. These differences regarding the perception of uncertainty may have different causes, such as different "ways of knowing" or framings (Brugnach, Dewulf, PahlWostl, & Taillieu, 2008) . This understanding promotes a notion of (epistemic) uncertainty, which is essentially subjective and constructed.
We follow this manner of reasoning and regard uncertainty as a concept that organizes an actor's interpretation of a situation (Brugnach et al., 2008; Enserink et al., 2013; Smithson, 2008) . However, for analytical purposes, we suggest maintaining the distinction between objective and subjective uncertainty (Milliken, 1987; Renn, 2008) . Referring to objective uncertainties does not imply that these uncertainties are "objectively" true (i.e., ontic uncertainties). Rather, objective uncertainties denote situations in which actors are confronted with assertions and diagnoses of uncertainty (e.g., in the public or scientific discourse) that have not (yet) entered their individual action space. Accordingly, subjective uncertainties are interpreted objective uncertainties: uncertainties that have been perceived as being relevant by a cer-tain actor. They have become a subjectively relevant reference point for his or her actions.
Specifying Uncertainty for SET
In light of these general conceptual considerations, how can we make sense of uncertainty in relation to sustainability-oriented energy transitions? More specifically, what uncertainties arise from the endeavour of transforming energy systems toward more sustainable ones? Traditionally, energy systems have been conceptualized in terms of technological infrastructures mediating between supply and demand. More recently, scholars have strived for more comprehensive analytical representations of the energy systems taking account of further societal dimensions of energy production, distribution, and use (Guy & Shove, 2000; Monstadt, 2009; Schippl, Grunwald, & Renn, 2012) . This expansion of perspective toward socio-technical energy systems is of particular relevance for studying sustainability-oriented energy transitions (Everett, Boyle, Peake, & Ramage, 2012; Kern & Smith, 2008; Meadowcroft, 2009 ). And it has major consequences for thinking about uncertainties related to energy transitions.
A socio-technical system perspective implies that the physical components of energy systems (such as power plants, grids, steering devices and storage, etc.) are intertwined with institutions and networks of actors who shape technology through social interactions and practices. The technological domain defines a corridor for human action which creates opportunities as well as restrictions for innovation and change (see e.g. Raven, 2007; Verbong & Geels, 2007) . Monstadt (2009) emphasizes that technological infrastructures are both society-shaping and shaped by society. It is human actors-providers, users, and regulators-who construct, manage, and change technical artifacts and coordinate the provision of infrastructure services. From a sociotechnical system perspective, energy systems are characterized by specific knowledge, skills, norms, a deep formal organization, and a highly integrated and interconnected structure (Araújo, 2014; Goldthau, 2014) . Changing this system means having to reconfigure infrastructures and services and to overcome established actor constellations, norms, values, and power relations (Kuzemko, Lockwood, Mitchell, & Hoggett, 2016; Stirling, 2014) .
Based on such a general understanding of complex socio-technical energy systems, uncertainties in relation to sustainable energy transitions have multiple sources that can be located in various technological, economic, societal, and political spheres of the system and the interplay of these spheres (Meijer & Hekkert, 2007) .
• Uncertainties in the technological sphere relate to the development and application of technologies for extracting and producing, distributing, and using energy resources as well as the future availability of these resources. Technological uncertainty refers to, but is not limited to, aspects such as future developments in combustion and transformation technology, the appropriate degree of (de)centralization of the energy system, the availability of future storage, and regulation technologies. Furthermore, it extends to future energy availability and the feasibility of exploring and exploiting new technologies like deep geothermal energy or fuel cell power (Akademien der Wissenschaften Schweiz, 2012); • The costs and benefits of envisioned transition pathways and individual decisions regarding these pathways are at the core of uncertainty in the economic sphere. Usually these economic uncertainties stem from dynamic technological and market developments on both the supply and demand side. For example, there is uncertainty related to the strategic dynamics between competing energy providers. Moreover, related to cultural change and political dynamics, there are uncertainties regarding the development of energy demand; • The societal sphere of SET-induced uncertainty includes and goes far beyond questions of social protest and public acceptance related to the innovation and development of new technologies and infrastructures. It extends to the manifold actors connected to the system, whether governing, regulating, or being directly affected by such a system. Hence, the interplay as well as the development of interests and practices of these multiple actors are relevant sources of uncertainty. For example, it is impossible to definitively predict how values and norms will change in the future, which lifestyles are or will be commonly shared, or how societal developments will influence consumption patterns. All this leads to high uncertainty regarding future behaviors and actions of individual and collective societal actors; • Political uncertainties regarding the energy system and sustainable energy transitions relate to all kinds of collective decision-making and implementation processes that affect public discourses and policy frameworks, which, in turn, impact private decisions of companies or consumers. Corporate decision makers, for example, regularly point to the need for certain, if not stable, policy frameworks in order to be able to assess the risks and opportunities of investments in new technologies, etc. (Meijer & Hekkert, 2007) . In modern democratic societies, political uncertainties stem from open political competition among parties and interest groups. To a certain extent, political struggles are channeled by political institutions and defined procedures. However, in an ever-globalizing and increasingly complicated world (Willke, 2014) , these political institutions might themselves become fluid, less reliable, and less important compared to more dynamic political discourses (Hajer, 2003) .
Governing Uncertainty
Three Governance Strategies for Dealing with Uncertainty
Strategies for dealing with uncertainty have been widely examined by different strands of governance-oriented literature with a policy and implementation (Arentsen et al., 2000; Bressers, 1997; Jänicke & Jörgens, 1999; Morgan, Henrion, & Small, 1990) , organizational (Milliken, 1987) , or planning focus (Christensen, 1985) . Within these diverse literatures, three ideal typical approaches for dealing with uncertainty can be identified. The traditional approach for dealing with uncertainty is through planning. In fact, uncertainty is one of the main reasons for planning and the emergence of planning theory (Camhis, 1979; Christensen, 1985) . From a planning perspective, uncertainty is something that can be overcome by means of rational calculation and by "sorting things out" (Arentsen et al., 2000) . More specifically, a plan can be regarded as a tool for substituting uncertainty with a promise of certainty in two ways. First, efforts can be made to fill existing knowledge gaps regarding the present and the future; second, this informational basis can be used to define goals and means that guide future actions and thereby bridge remaining uncertainties. Planning is about influencing the future (and its uncertainty) by means of decisions that rely on a comprehensive informational basis. This idea of planning has been criticized from many sides, both by those who are skeptical about the possibility of processing comprehensive information and by those who regard fixed goals and means as inappropriate for dealing with dynamic environments and reacting to emerging surprises that result from uncertainties (Meadowcroft, 1999) .
Given the shortcomings of the classical planning paradigm, an alternative model of incrementalism has been suggested that rests on step-by-step decisions and actions that take account of the information that is available at a certain point in time (Braybrooke & Lindblom, 1963; Lindblom, 1969 Lindblom, , 1973 Lindblom, , 1999 . Decisions are rather short-term, made in the light of available means and information. They refer to the terrain that can in fact be overseen at a certain point in time from a certain point of view. This incremental approach to decision-making ensures that the information basis is constantly being extended as the decision process evolves. It rests on an experimental trial-and-error logic that allows for cautious and stepwise exploration of uncharted terrain. Incrementalist approaches have not only been celebrated for their empirical adequacy, but also for their normative strength in dealing with complex issues. However, they are also criticized for being biased to conservative positions as they promote a vested interest in the status quo and hinder the kind of fundamental change advocated by sustainability proponents (see Meadowcroft, 1999) .
With regard to the shortcomings of both planning and incrementalism, a third way is supposed to integrate the strength of both approaches and, at the same time, avoid their shortcomings. This third way has been called "directed incrementalism" (Grunwald, 2000; Kemp & Loorbach, 2006; Steurer & Martinuzzi, 2005) . At the core of this approach are flexible strategies rather than fixed plans. These strategies are supposed to be constantly adapted to dynamically changing conditions without neglecting overall visions. From the perspective of directed incrementalism, policymaking is thus about maneuvering through a dynamic landscape towards an overall goal. Within an approach of directed incrementalism, uncertainties are not controlled once and for all; rather, uncertainties are constantly reduced through continuous learning and the adaptation of an overall strategy.
These three ideal types provide important theoretical insights and illuminate empirical forms of dealing with uncertainty. However, when it comes to understanding how policymakers on the ground deal with uncertainty, at least two limitations become visible. First, the three types refer to patterns of meso-level (i.e., organizational) action courses; however, they do not capture uncertainty-related actions by individual actors within these organizations. Second, these overall strategies come with normative-prescriptive implications of how to adequately and effectively deal with uncertainty, rather than analytically capturing how uncertainties are actually dealt with.
Dealing with Uncertainty "On The Ground": A Typology of Strategic Options
In what follows, we provide a complementary conceptual framework for understanding how uncertainties are dealt with in policymaking and planning. Compared to the rather general and aggregate (meso-)strategies that become manifest at an organizational level, this framework is supposed to capture, in a more differentiated way, how uncertainties are dealt with at the micro-level of individual actions and practices (Moore, 2008) . We assume that individual policymakers can choose from a "menu" of ideal typical strategic options for dealing with uncertainties. This menu is represented in our framework. We have developed it through a method of literature-informed rational imagination (Byrne, 2005) from the perspective of policymakers. This process was guided by the following question: How would rational policymakers deal with some form of objectively given uncertainty? 2 By imagining strategic action options from the perspective of rational policymakers, we depart from other approaches that seek to identify strategies for managing uncertainties from the perspective of different scientific disciplines (Bammer, Smithson, & Goolabri Group, 2008) . However, our efforts do not start from scratch, but take account of the rich literature pertaining to strategies of dealing with uncertainty (such as the rich material in Bammer & Smithson, 2008; Polasky et al., 2011; Weick & Sutcliffe, 2015) . Therefore, what we did was reconstructing and sorting the strategies mentioned in the literature along a process of rational imagination from the perspective of allegedly rational administrative actors.
Referring to rationality neither implies that the identified options would necessarily entail rational results, nor does it mean that actors do in fact rationally choose these options. Rather, it reflects our assumption that actors are interested in overcoming the objective uncertainties they are confronted with in ways, which they can present as being rational. More specifically, we assume that actors, in particular in an administrative context, feel urged to frame their actions in terms of rationality, that is, they present themselves as if they acted in a rational way (Gross, 2010; Schimank, 2005) .
The strategic options captured in the framework do not represent fully developed strategies. Rather, they take the form of basic "strategic postures" describing the "intent" or basic rationale, "but not the actions required to fulfill that intent" (Courtney et al., 1997, p. 74) . The framework takes the form of a binary decision tree: At each level of decision there are two alternative options which are related to a certain rationale.
In the following, we describe the framework along the different strategic action options. While Figure 1 provides an overview of the basic structure of the framework, Table 1 illustrates the rationales behind the different strategy options:
(1) At the most fundamental level, actors are confronted with some form of objective uncertainty (e.g., in the form of uncertainty claims made by other actors, such as scientific studies), and have the choice between two alternative approaches for dealing with it. Acknowledging uncertainty means that actors translate objective uncertainty into subjective uncertainty, i.e., a form of uncertainty that becomes relevant for their own perception of an action situation. This translation implies that actors become aware of uncertainty and decide to deal with it in one or the other way in their further actions. Neglecting uncertainty implies that objective uncertainty does not translate into a subjectively perceived challenge. For whatever reasons, actors turn a blind eye on uncertainty and do not take account of it in their subjective perception of an action situation. Accordingly, uncertainty is neither taken into consideration in further decisions and actions, nor is it seen as something that would require further action. (2) As soon as uncertainty is acknowledged as a subjectively relevant challenge, there are two basic options for dealing with it. First, actors can decide to actively engage with uncertainty or to passively cope with it. A strategy of active uncertainty management implies that an actor perceives uncertainty as relevant challenge that he/she should actively engage with in one or the other way. In contrast, a strategy of passive coping means that uncertainty, though acknowledged as subjectively relevant, is regarded as a challenge that cannot or should not be treated actively by the actor him-/herself. This consideration could be based on the impression (or assertion) that an active uncertainty management would overwhelm an actor's own capacity, that it lies beyond his/her institutionally legitimized action realm, or that it produces outcomes which worsen the situation. 
Strategy Rationale
Neglecting We do not believe that there is uncertainty at all.
other actors. This delegation strategy builds on the assumption (or assertion) that other actors are better prepared, that is, more capable, eligible, or entitled, to deal with an uncertainty at hand. A second option for passively coping with uncertainties, which are regarded relevant, but appear to lie outside an actor's action realm consists in accepting them. From a rational point of view, this bearing strategy builds on the idea that uncertainty cannot, at least for the time being, be dealt with by any actor at all: it is a "given" reality that one has to live with in a "wait and see" manner. (4) Strategies to actively manage uncertainty can take on two forms, which can be distinguished with regard to the object of management. An adaptation strategy addresses the actor him-/herself as the object of management and involves actions of selfmanagement. Based on whatever considerations, an actor comes to the conclusion that it is not the uncertainty itself to be managed (since it, for example, might lie beyond the realm that can be effectively steered by the actor); it is rather the actor him-/herself who is in need of management in order to deal with uncertainty in a rational way. In contrast to this strategy of active self-management by adaptation, a transformation strategy builds on the assumption the uncertainty itself can and should become the object of management. Rather than adapting oneself toward uncertainty, the actor regards actions directed at changing the uncertain situation to be more promising and suitable to deal with a given uncertainty. (5) Strategies to actively manage uncertainties in a mode of self-adaptation ideally take two different forms. A first option of adaptive uncertainty management is to adopt a shielding strategy that protects against a given uncertainty and its potential consequences by establishing protective means (such as insurances). A second option for dealing with uncertainties in a self-managing way is to build up capacities that allow for reacting to uncertainties as soon as their consequences become real. This resilience strategy includes the development and maintenance of open and responsive structures, that is, the improvement of buffer capacities by assigning resources for dealing with future events (Kaufmann & Blum, 2012; Longstaff, 2012) . (6) An actor who decides to actively transform a given uncertainty has two further options to do so. First, following a reduction strategy implies that actors foster the production or acquisition of new knowledge in order to fill the knowledge gap that makes up for the uncertainty. This strategy presupposes that uncertainties are conceived of as a lack of knowledge and thus can be eliminated or alleviated by more or different knowledge and increased diagnostic and prognostic capacities, for example, by involving experts. An alternative to this reduction strategy is to take actions that are directed at the situation which is regarded as uncertain. These reshaping strategies can be either of a symbolic nature (i.e., reshaping uncertainties by reframing or retelling them) or of a substantial nature (i.e., changing a situation that is perceived as uncertain in terms of material reconfiguration).
Uncertainty "On The Ground": Local Heat Policies in Switzerland
Approach and Methods
To find out about perceptions of energy-related uncertainties and ways of dealing with them, we conducted a qualitative study on local heat supply policymaking and planning in Switzerland. The study was not designed to generate systematic generalizable (or even explanatory) knowledge; rather it aimed at illustrating our conceptual considerations with empirical forms. In a first step, we analyzed 16 energy plans and energy concepts of Swiss towns to reveal how uncertainties are considered and treated in these official plans. Second, three in-depth case studies-Basel, Berne and Winterthur-were carried out to learn how the uncertainties are perceived and dealt with on the ground by local policymakers and planners. These case studies draw on data from qualitative expert interviews with employees of the administration, urban planners, and municipal energy providers (see "Empirical Data" in the Annex). Aside from the specific issue of uncertainty, the interviews covered multiple aspects of local energy planning practice, such as institutional conditions, coordination procedures, and planning instruments (see Schubert, 2015) . We analyzed the interview transcripts by looking more closely at passages that referred to uncertainty and their treatment in policy and planning practice. Based on our two conceptual schemes-types of energy-related uncertainties on the one hand, and strategic options for dealing with uncertainties on the other-we interpreted the relevant passages to identify empirical correlates to our concepts. We discussed and further condensed our observations in a step-by-step manner accompanied by group discussions among the authors. The three cases for in-depth analysis were selected based on their specific combination of similarities and differences. First, all three cases expose similar longterm time horizons of their energy policy rendering uncertainty a potentially important topic. 3 Furthermore, the cases are similar regarding two basic organizational matters: While the overall responsibility for energy policy and planning lies with the energy department of the municipality or, in the case of Basel, with the canton, the local energy supply companies are public-law companies in municipal or cantonal ownership.
Second, the cases differ regarding their overall governance arrangements in energy planning (for details see Schubert, 2015) . In fact, each of the three cases approximates one particular (meso-level) governance strategy for dealing with uncertainty (see 3.1). In Berne, energy planning follows a rather holistic approach and is established in a comprehensive and cross-cutting governance arrangement of spatial planning ("Richtplanung"). The city of Basel can be regarded as representing an incremental approach, renouncing an overall planning scheme for future urban heat supply. In Winterthur, energy planning is mainly organized in a sectoral manner with some interfaces to overall spatial planning; therefore, it represents a middle way between the holistic arrangement of Berne and Basel's incrementalist approach.
Since these governance schemes can be regarded as "typical" in the sense that they can be expected to occur in multiple different contexts, the case selection paves the way for some modest generalization of the empirical insights beyond local heat policy in Switzerland. At least, the selection of three cases with different governance schemes allows for reflections on the nexus between individual strategies to deal with uncertainties and overall governance arrangements (4.3). Before we come to that particular point, however, we focus on the two basic questions, how uncertainties are reflected in planning documents and perceived by actors (4.1) and how they are dealt with (4.2).
How is Uncertainty Reflected?
Our empirical analysis reveals that uncertainty is a constant and relevant topic in local policymaking and planning for future heat supply. Yet, there are important qualifications to be made. First, within the analyzed official energy planning documents of 16 Swiss cities, uncertainty does not play a very prominent role. Some documents do not explicitly mention the term uncertainty (e.g., Geneva; Schlieren; La Brillaz; Bulle). Rather, uncertainty is an implicit topic that shines through the efforts made in data collection about demand and heat potentials, prognosis, and finally defined strategies, which reflect gaps of knowledge and missing forecasting reliability. Nevertheless, in some of the analyzed planning documents, uncertainty is explicitly mentioned as a relevant factor and occurs in different ways which reflect the above mentioned SET-induced types of uncertainty. The availability of energy resources is the most obvious source of uncertainty in energy planning, referring to such aspects as the usable heat potential from drinking water, the amount of economically usable geothermal energy, the prospective potential of synthetic natural gas, and the usable amount of wood for heat purposes, not at least due to its dependence on developments and decisions in other policy fields, especially landscape management (e.g. Arlesheim; Berne; Thun). The availability of industrial waste heat is further mentioned as an uncertain energy source, since it depends on continuance in industrial processes and the long-term existence of industrial waste heat suppliers in the specific location (e.g., Boedeli). The availability of resources relates to the economic as well as the technological sphere of uncertainty, since the economic viability of extraction or production technologies is crucial in this context. However, the political sphere also plays a part, since the politically defined legal framework conditions set guidelines for the use of available resources. Some planning documents (e.g., Aarau; Kloten) seem to refer to societal uncertainties, for example, when reflecting on the development of heat demand for residential as well as industrial use, and thereby take account of changing consumption behaviors.
In contrast to the official planning documents, the interviewed actors involved in planning processes and decision-making for local heat systems refer to uncertainty more explicitly and in more diverse and nuanced ways. First of all, technological development and especially viability thresholds of (new) technologies for heat supply are frequently named as relevant uncertainties, e.g., in cases of fuel cells, geothermal energy, and energy storage technology. The viability threshold of these technologies is not regarded as stable, but rather it is seen as depending on the users' acceptance and willingness to pay. How users-primarily private homeowners-will respond to new technologies and what they will be willing to invest is also named as an uncertain dimension (IP 1, 2 and 3).
With regard to diverse technologies for heat supply, interdependencies between different energy related sectors are also mentioned as a crucial source of uncertainty (IP 1 and 4). How will electricity production from renewables develop in general, and how about heating technologies that depend on electrical energy (such as heat pumps)? How will this affect the electricity rate in the heating sector? How will electro mobility develop and impact the demand for power, including its consequences for cheap power available for heating purposes? Further, the uncertain development of demand for cooling appliances, depending on future comfort demands, is mentioned as a source of uncertainty regarding the societal sphere and changing consumption patterns (IP 4, 5 and 6). Reflecting on these interdependencies inside the energy sector, actors pay attention to the high complexity arising from dynamic developments which generate uncertainty in their concrete decision-making processes. The political sphere of uncertainty is described by the experts in terms of changing political priorities relating to environmental problem awareness and interest, e.g., increasing awareness of environmental and health problems from fine dust created by wood combustion (IP 1 and 4)-all of them coming along with possible changes in legal framework conditions. Overall, uncertainty is referred to in various sources in the context of policymaking and planning for future urban heat supply. While planning documents on the one hand mention uncertainties only marginally and mostly implicitly, focusing on technological and economic uncertainties, the interviewed experts seem to reflect on uncertainties in a more differentiated and complex way also considering political and societal sources of uncertainty.
How Is Uncertainty Dealt with?
According to our analysis, local policymakers in Swiss towns adopt a variety of strategies to deal with energyrelated uncertainties occurring throughout the planning and policymaking process. These strategies can be interpreted as approximations to the ideal typical strategic postures we have introduced above. While some strategies play a role with regard to all governance arrangements, i.e. holistic planning, incrementalism, and directed incrementalism, other strategies can be observed only in relation to particular arrangements.
The most obvious approach for dealing with uncertainties involves simply neglecting them, i.e., not including objective uncertainties into the subjective action realm. Many uncertainties that are arguably relevant for future heat supply systems and are regularly referred to in the scientific debate, such as uncertainties resulting from shrinking demands due to renovation of the building stock, the development status of technology, and changing and competing political priorities (DENA, 2010; DLR, IWES, & IFNE, 2012; UBA, 2007 ; Wuppertal Institut für Klima, Umwelt, Energie, 2010) are not reflected or even named in the analyzed energy planning documents.
Another strategy of passively coping with uncertainties consists of accepting once acknowledged uncertainties but leaving them respectively untouched and unaddressed in the course of planning and decision-making. Such a strategy of bearing-or in practice "wait and see"-becomes evident when uncertainties are mentioned in planning documents but are not addressed by further actions. In the case of Aarau, for example, some sources of uncertainties (e.g., energy consumption patterns) which had been acknowledged in the process of setting up energy plans were not mentioned in argumentation for the final decisions for heat supply (Stadt Aarau, 2012) . This strategy seems to result from both established energy policy and the pressure from higher administrative levels that force municipalities to actually act and transform their local infrastructure with an awareness of its long lifespan and the high costs of investing in it.
A different way of dealing with uncertainties arising from the complex interplay between heat sources and transformation technologies is the reference to overarching policy goals, such as cantonal orders concerning the application of energy sources, as named in the energy plans of Berne and Wädenswil for example (Stadt Bern, 2012; Stadt Wädenswil, 2009) . Such a strategy comes with a simplification of the interdependencies in energy supply and doesn't consider local characteristics in the existing infrastructure or patterns of demand. This reference to cantonal priority lists for the application of heat sources without analyzing their implications and usefulness for the local situation can be considered a strategy of passive coping in the form of delegation of responsibility.
An important strategy for actively dealing with uncertainty in all governance arrangements is the involvement of external experts -yet to a variable extent. In the making of the most integrated spatial energy plan of Berne, for example, a rather broad pool of different experts on energy supply, spatial planning, communication processes, visualization, and data modelling have made significant contributions (Stadt Bern, 2012, pp. 3f.) . In the sectorial energy planning of Winterthur, primarily experts like energy engineers and planners were involved (IP 7). This involvement of experts can be interpreted in terms of an active uncertainty management that aims at reducing uncertainty by producing additional knowledge and thereby closing a knowledge gap. Such a strategy was chosen mainly to address technological and economic uncertainties (e.g., biogas potential and geothermal energy sources).
Besides involving experts, the process of making spatial energy plans featured intense communication and cooperation with political decision-makers (e.g., the municipal parliament, agents of the executive) from almost all administrative departments and public enterprises. In the case of Berne's holistic energy planning arrangement, even a public participation process has been established to accompany the development of the plan, although usually the public is only asked to participate in later planning steps (Stadt Bern, 2012, p. 3) . This effort to shift uncertainties to political decision-making and public debate may be qualified as form of copingoriented delegation that shifts responsibility for action to another (more capable or legitimate) decision-making body. However, it could also be an expression of active uncertainty management that aims at reshaping an existing state of uncertainty by means of collective decisions. This just illustrates that the motivation for different strategies in practice is more complex than the theoretical categories suggest. Some local energy plans remain unspecific when it comes to the definition of goals or measures to implement a certain goal. Rather than setting definite targets and measures, the plans stay flexible to be able to react to future developments while postponing definite decisions that may allow deep transformation processes of the local infrastructure. In Winterthur, for example, the new small district heating systems currently running on a wood basis were designed in a way that they can deliver a similar amount of energy also on a lower temperature level. Such a "flexible" system allows for future conversion to other energy sources, if wood burning becomes out of date once (IP7).
Such an approach of postponing decisions can be classified as a strategy of passive coping by means of delegating decisions to the future. Yet, when it involves preserving resources for future activities, it can also be interpreted as an active adaptation strategy that is directed at achieving resilience. This example illustrates that the empirical qualification in some respects depends on additional information to be gathered from other sources.
Other local energy plans define very concrete targets and measures, e.g., by deciding to build new technological infrastructure systems or to rebuild existing ones in spite of acknowledged uncertainties regarding future technological developments. In Berne, for example, the political goal is to dismantle the gas grid and abandon gas-fired stand-alone systems in the long-term. To reach this goal, the transformation of the heating infrastructure is initiated and pushed now-even though the experts acknowledge that there are many uncertainties and open questions with regard to technological development and the availability, "which can't be answered today". However, in order to initiate a "rebuild" and not just a "conversion", decisions have to be made anyway (IP 2). This strategy entails the possibility that a once-adopted solution might turn out to be suboptimal in the future (in view of technological developments that had not been foreseen). Yet, it can be qualified as an active management of uncertainty since it involves a reshaping of the existing technological landscape/material infrastructure, and thereby the grounds on which a certain situation had been described as uncertain.
A closer look at the substantial decisions made on future urban heat supply in light of uncertainties reveals that specific technological infrastructures, namely district heating and especially small heating networks, are the prioritized solutions (e.g. Winterthur; Pratteln; Schaffhausen). In practice, actors justify these solutions by referring to their flexibility with regard to both the use of various heat sources (an argument that applies especially to urban areas where integration of renewable energy sources in heat supply is difficult) and of temperature levels to react to changes in demand. District heating and small heating networks can be fed by different energy resources, using different transformation technologies. Such a distribution structure provides the potential to either grow to a central system or to remain in decentralized heat islands, depending on what might be most reasonable and sustainable in the future and most appropriate with regard to urban development. Going back to the typology of uncertainty strategies, these decisions toward flexible technical infrastructures can be interpreted as efforts to actively create adaptive capacities to deal with uncertainties in terms of resilience.
Dealing with Uncertainties in Different Governance Arrangements
As mentioned before, the three more deeply analyzed empirical cases differ with regard to their overall governance arrangements. Winterthur and Berne address future urban heat supply in an overreaching strategic planning instrument, with a more holistic approach in the case of Berne and a more sectorial design in the case of Winterthur. In contrast, Basel considers future heat supply in a project-oriented, incremental way.
In examining how uncertainty is dealt with under these different conditions, one might conclude that the more holistic or comprehensive a planning scheme, the higher the probability that uncertainties are addressed and dealt with as an important topic. Strategically oriented arrangements like sectorial or more holistic spatial planning seem to support the identification of uncertainties and the specification of individual strategies for dealing with them. In the two cases of Berne and Winterthur, which dispose of some strategic planning instruments (either holistic or sectorial), the official planning documents address uncertainties with regard to future resource availability and development of consumption. In the more holistic planning arrangement of Berne, uncertainty concerning the future energy sources for heating purposes is discussed in more detail than in Winterthur's sectorial energy plan. The case of Berne, with its holistic planning scheme, shows that the range of identified uncertainties and the variety of strategies to deal with them is even higher than in Winterthur's sector planning arrangement.
In Basel, which adopts an incremental approach, it is apparent that, due to the absence of an overall spatial plan and a process of consolidation, uncertainty is not an explicit topic in local energy decisions related to heat supply. The likelihood of neglecting uncertainty in a projectoriented, incremental context seems higher than in the cases with more strategic orientation. Some sources of uncertainty only become obvious within the overall picture created by a governance arrangement that involves planning, while an incremental project view (like in Basel) is less prone to capture a situation's complexity and to identify related uncertainties.
However, three important qualifications need to be made. First, the existence of spatial energy plans does not guarantee that uncertainties are reflected at all. In fact, our broader sample of cases also includes energy plans where uncertainty is not mentioned (e.g. Schlieren; Farvagny). Second, strategic planning does not imply a comprehensive coverage of uncertainties. The two analyzed arrangements with a more strategic orientation (Winterthur and Berne) , for example, do not integrate their reflections on uncertainties into a broader context relating to technological and economic conditions and developments or being influenced by societal aspects and users' behaviour. Third, there seems to be an important informal sphere where uncertainties are perceived and dealt with. In fact, all analyzed cases show that uncertainties are reflected by the experts more comprehensively than in the official planning documents. Even in the case of Basel, interviews with experts reveal that uncertainties related to technological developments, the consumers' future demands (e.g., for electro mobility) and ongoing political discussions do play a role in planning and investment decisions of the municipal supply company (IP 6). In fact, in the case of Basel, these uncertainties and the absence of a strategic planning arrangement have created a situation where the supply company plans for two alternative systems-one based on the existing gas grid and one under the conditions of a dismantled grid (IP 4 & 5) .
In all arrangements the inclusion of experts seems to be not only a way to identify uncertainties but also an important strategy to deal with them. Interestingly, such a strategy of active management to reduce uncertainties by filling knowledge gaps also plays a role in the incremental arrangement of Basel. Here, the department responsible for energy affairs commissioned the expert study "Basel on the way to a 2000-watt-society" to address the many interdependencies and uncertainties resulting from the political decision to shift to a renewables-based energy supply (IP 4). The strategy to involve external experts at this point can be interpreted as a strategy to gain knowledge and reduce uncertainty as far as possible. However, in the case of Basel, these efforts are not resulting in commonly defined planning documents and decisions to transform the existing infrastructure, as is observable in the two cases with a sectorial or holistic planning approach.
Apart from the identified similarities and differences among different governance arrangements, the three cases that we have looked at in more detail suggest that there might be a correspondence between types of uncertainty and strategies for dealing with them. Uncertainties regarding technological development and resource availability are mainly handled in terms of active management-be it by a strategy of reduction that involves experts to close knowledge gaps, or by some form of self-adaptation or resilience strategy that aims at creating an open adaptable structure by deciding for a flexible technology in terms of district heating systems which are open for different energy sources, but create new path dependencies to the same time (Magnusson, 2012) .
While technological uncertainties are managed in an active manner, societal and political sources of uncertainty, like changes in users' behaviour and political or legal dynamics are handled, if at all, by passive coping. Actively managing these uncertainties, e.g., by including experts, seems to be an ineffective strategy. One might speculate that there aren't experts on these topics around or that the relevant experts are not included in the planning and decision-making processes that are dominated by natural scientists and technicians. Therefore, one also has to acknowledge the limitations of existing spatial planning instruments for dealing with uncertainty. In their given forms, they might not be sufficiently prepared to face the complexity that arises from the interdependencies among different energy uses and sectors and the dynamics of technological development and norm setting of energy policy. These kinds of complex webs of uncertainties can be neither identified nor solved by local spatial energy plans in their given form.
Finally, and expanding the perspective from planning to implementation, one may speculate whether and how certain strategies for dealing with uncertainties defined in energy plans might have repercussions on the implementation of these plans, creating an additional layer of uncertainties. For example, rebuilding gas grids, as planned in the holistic case of Berne, might be an adequate strategy of adaptation to technological uncertainties. However, the implementation of such a highly invasive strategy can also come with a number of follow-up uncertainties in the societal and political domain, such as unpredictable opposition and protest against the rebuilding of a socially well-entrenched energy infrastructure.
Conclusions and Perspectives
Uncertainty is widely regarded as one of the most pressing challenges of sustainability governance in theory and practice. This is particularly true for the governance of complex energy systems. With our paper, we have added to the debate on the governance of energy-related uncertainty in three respects. First, we related general conceptual understandings of uncertainty to complex energy systems. The proposed "spheres of energy-related uncertainties" provide a comprehensive framework for thinking about and detecting uncertainties related to energy transitions. In particular, this allows for scrutinizing the links between the physical components and the social organization of the energy system and thus widens the analysis beyond a focus simply on technology. Second, we provided a differentiated conceptual framework regarding the ways uncertainties are dealt with by policymakers and planners on the ground. By identifying various ideal typical strategic postures, we have highlighted strategic options underneath the (meso-)level of aggregate governance strategies, such as planning, incrementalism and directed incrementalism. The framework can serve to empirically illuminate and interpret individual decisions with regard to uncertainty and disentangle the prevailing aggregated view on uncertainty governance. Third, our empirical analysis of urban heat supply policies in Switzerland shows that our conceptual investments are suitable to detect representations of uncertainty and ways uncertainties are dealt with on the ground. On this conceptual level lies the main potential for generalizing our observations: we have good reasons to believe that our frameworks capture relevant empirical phenomena and thereby have the potential to illuminate uncertainties and ways of dealing with them in different contexts.
Aside from this validation of the usefulness of our conceptual considerations, it is possible to draw some preliminary empirical conclusions regarding the microgovernance of uncertainty. We would like to highlight four general aspects, which can be expected to "travel" beyond the Swiss context. First, it seems to be the case that different governance schemes allow for the consideration of uncertainties. In fact, uncertainties do play a role in all types of arrangements-ranging from planning to incrementalism. Yet this does not mean that every single case takes account of uncertainty-not even all cases with holistic spatial energy plans. Put differently, given that there are also energy plans where uncertainty is not addressed at all, there is no guarantee that, under any conditions, uncertainties do come into view, not even within holistic planning schemes. The particular (in-)sensitivity towards uncertainties is not explained by the existence (absence) of an energy plan. Second, it can be concluded that some kinds of uncertainties are more salient than others. Technological and economic uncertainties tend to be more prevalent than societal and political uncertainties. Put differently, there is a tendency to take account of technological and economic uncertainties while neglecting others. Some dimensions of uncertainty, e.g., the complexity related to interdependencies between the different energy uses and sectors and the dynamics of technological development and energy policy, are not reflected in the analyzed documents. Whether or not this holds true for different governance schemes remains an open empirical question. Third, concerning strategies for dealing with uncertainties, we have not found evidence that all kinds of ideal typical strategies do in fact play a role. There is a proclivity towards strategies of technological reshaping to deal with uncertainties. Investing in and bringing out "flexible technologies" is a rather dominant strategy to deal with uncertainty. Another dominant strategy consists in reducing uncertainties via the production of knowledge and expertise. Including experts is a prioritized strategy when it comes to dealing with technological aspects, resource availability, and development of demand. Furthermore, there is a tendency to delegate actions regarding uncertainties from the local to the cantonal or federal level. Fourth, some forms of uncertainty, i.e., the societal and political ones, seem to be addressed by means of passive coping rather than active management. In other words, uncertainties such as changes in users' behaviour as well as dynamics in political and legal settings, etc., seem to lie outside the action realm of local policymakers and planners. As there is no clear evidence that the various governance arrangements differ in that respect, the neglect of societal and political uncertainties might turn out to be a more fundamental tendency in the practice of energy-related policymaking and planning.
Based on the proposed conceptual frameworks and our preliminary empirical findings, we suggest the following routes for future research. First, more empirical studies in various political administrative contexts (and at various policy levels) can further substantiate and enrich the empirical picture regarding the perception and representation of uncertainty and ways of dealing with it. More particularly, comparative research might reveal more general patterns of uncertainty representation and how these patterns are related to different strategies for dealing with uncertainties (see also Arentsen et al., 2000) . Furthermore, more empirical studies will have to further explore the link between overall governance arrangements, such as planning, incrementalism, and directed incrementalism, the representation of uncertainties within these schemes, and more specific strategies for dealing with different kinds of uncertainties. Longitudinal empirical analyses might also reveal the dynamics within the governance of uncertainty: the evolution of understandings of uncertainties and practices for dealing with them over time. Drawing on these reconstructions of empirical patterns, one could attempt to develop more robust explanatory approaches. Under which conditions do which forms of uncertainty emerge? And what factors and conditions explain the various ways uncertainties are dealt with? Furthermore, additional empirical analysis on the success and failure of strategies to deal with uncertainties can be carried out. This kind of analysis would require the development of sophisticated evaluative criteria to assess the performance of uncertainty strategies. Finally, in practical respects, these kinds of analysis might inform policymakers and planners about "working" strategies for dealing with uncertainty: What works when and where in order to deal with what kind of uncertainty? And they might support governance designers in their efforts to set up governance arrange-ments that allow policymakers and planners to develop tailor-made strategies for dealing with different kinds of uncertainties in a reflexive manner.
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